Objective: To compare the efficacy of bazedoxifene and oral bisphosphonates for the prevention of nonvertebral fractures (NVFs) in women with higher risk of postmenopausal osteoporosis (i.e., the Fracture Risk Assessment Tool [FRAX] score Z 20%), based on currently available evidence from randomized controlled trials. Methods: Randomized controlled trials evaluating the NVF relative risk reduction (RRR) with oral bisphosphonates or bazedoxifene were identified by a systematic literature review and combined by means of a network meta-analysis. A subgroup of patients with a FRAX score of 20% or more in the bazedoxifene phase III osteoporosis study was selected as the population of interest on the basis of the bazedoxifene label. In one analysis (analysis 1), the placebo response of the subgroup with a FRAX score of 20% or more was the benchmark to select comparable bisphosphonate trials. Additional analyses incorporated the aggregate data from the bisphosphonate trials with all the FRAX subgroups (analysis 2) or with the individual patient data from the bazedoxifene trial (analysis 3). Results: Nine identified bisphosphonate trials (alendronate, ibandronate, risedronate; N ¼ 23,440 patients) with a similar placebo response as observed for the subgroup of high risk patients in the bazedoxifene trial were included in analysis 1. The results of the network meta-analysis of this study set suggest that bazedoxifene is expected to have an RRR of 0.43 (95% credible interval [CrI] À0.19 to 0.72) versus alendronate, 0.58 (95% CrI 0.05-0.81) versus ibandronate, and 0.39 (95% CrI À0.29 to 0.70) versus risedronate. Analyses in which treatment effects with bisphosphonates were projected to a population with a FRAX score of 20% or more with metaregression approaches (analysis 2 and analysis 3) provide similar findings. Conclusion: Based on an indirect comparison of randomized trials, bazedoxifene is expected to have at least a comparable RRR of NVF as alendronate, ibandronate, and risedronate in women with higher risk of postmenopausal osteoporosis.
Introduction
Osteoporosis, characterized by low bone mineral density and deterioration of bone structure, is primarily present in postmenopausal women and is associated with an increased risk of vertebral, hip, and other nonvertebral fractures [1] . Of the fractures attributed to osteoporosis, approximately 70% occur in nonvertebral locations, including the hip, forearm, and humerus [2, 3] . These nonvertebral fractures are associated with substantial mortality and health care costs [4] [5] [6] .
The most commonly prescribed treatments for osteoporosis are oral bisphosphonates (e.g., alendronate, risedronate, and ibandronate). Bazedoxifene, a novel selective estrogen receptor modulator, is approved in the European Union and in some Asian countries for the treatment of postmenopausal osteoporosis in women at an increased risk of fracture [7, 8] . Furthermore, in phase III trials, it has been shown to reduce the risk of nonvertebral fractures in a subgroup of postmenopausal patients with a 10-year fracture risk at or above 20% as assessed by the Fracture Risk Assessment Tool (FRAX). The FRAX tool, developed by the World Health Organization, incorporates clinical risk factors such as age, body mass index, previous fracture, current smoking status, and bone mineral density to estimate the 10-year probability of a hip fracture and the 10-year probability of a major osteoporosis event (i.e., vertebral, hip, forearm, or shoulder fracture) [9] .
To aid evidence-based medical decisions, comparisons of all available therapies should be available for all populations of interest. The current evidence base for nonvertebral fracture risk reduction in osteoporotic women, however, consists of many randomized controlled trials (RCTs) that are placebo controlled and do not provide head-to-head direct comparisons. Furthermore, the bisphosphonate RCTs do not present subgroup results according to the FRAX score. In the absence of an RCT comparing all relevant therapies, an indirect treatment comparison by means of a network meta-analysis (NMA) of clinical trial evidence is a valid alternative to provide relevant comparative evidence when there are no systematic differences across comparisons related to the treatment effects.
The objective of this study was to compare the reduction in nonvertebral fracture risk with bazedoxifene relative to oral bisphosphonates for those patients who are at a higher risk of a clinical osteoporotic fracture (i.e., with a FRAX score of at least 20%).
Methods

Identification and Selection of Studies
A systematic literature search was performed to identify relevant RCTs published in English from 1990 to November 2011. MED-LINE, Embase, and Cochrane Library Clinical Trials databases were searched according to predefined search strategy with terms relevant to osteoporosis, alendronate, ibandronate, risedronate, bazedoxifene, and RCTs. A hand search of references was also conducted to identify any missing trials. Each identified study was evaluated against the following predefined criteria: case-control, cross-sectional studies) as well as (systematic) literature reviews, commentaries, and other meta-analyses were excluded.
The excluded publications that did not meet the above selection criteria were considered out of scope.
Data Extraction and Quality Assessment
For each identified study that met the selection criteria, data on study design, patient characteristics, interventions, and the number of patients experiencing a nonvertebral fracture during the trial were extracted. For the bazedoxifene trial, subgroup data and individual patient-level data were available and obtained for both placebo and bazedoxifene trial arms.
The quality of each trial was assessed using the National Institute of Health and Care Excellence checklist for RCTs, which consists of seven questions regarding randomization, allocation concealment, similarity of the groups in terms of prognostic factors, blinding, dropouts and imbalances between groups, outcome reporting, and intention to treat methodology [10] . The results of the quality assessment were not explicitly used in the analyses but provide additional information to determine the quality of the evidence base when interpreting the results.
Analyses
Treatment effects of the different studies were synthesized and indirectly compared by means of an NMA [11] [12] [13] [14] .
The NMAs were performed within a Bayesian framework and involve data, a likelihood distribution, a model with parameters, and prior distributions for these parameters [15] . The model relates the data from the individual studies to basic parameters reflecting the (pooled) relative treatment effect of each intervention compared with an overall reference treatment, namely, placebo. Based on these basic parameters, the relative efficacy between bazedoxifene and each of the competing bisphosphonates was calculated. For nonvertebral fractures, a logistic regression model with a binomial likelihood distribution was used.
The validity of the NMA depends on the comparability or exchangeability of patients across trials. For this analysis, a potential challenge was assessing the differences across patients in terms of baseline fracture risk. For an indirect comparison of bazedoxifene with bisphosphonates in the higher risk population of interest (FRAX score Z 20%), it is ideal to have data on treatment effects for these interventions in this population. Although individual patient data (IPD) including FRAX scores were available for the bazedoxifene trial and the relationship between FRAX scores and treatment effects in the subgroup of patients at or above a certain FRAX score threshold could be estimated there, results only with aggregated data (AD) (i.e., the published findings) were available for the bisphosphonate trials, with no information on treatment effects by FRAX subgroup. Because of the lack of FRAX data for the subjects in the bisphosphonate studies, it is difficult to assess comparability of patients across the bisphosphonate and bazedoxifene trials based on the FRAX assessment. To address this issue, the incidence of nonvertebral fracture in the placebo arm was used as an assessment of baseline fracture risk. Given the available evidence, multiple analyses were conducted to obtain treatment effect estimates of bazedoxifene relative to oral bisphosphonates for the population with FRAX scores of 20% or more, namely:
À Comparison based on AD of bisphosphonates and FRAX score of 20% or more subgroup for bazedoxifene: NMA based on AD in which only those bisphosphonate studies were selected that showed a similar (i.e., not statistically significantly different at the 0.05 level) nonvertebral fracture incidence in the placebo arm as did the placebo response of the subgroup with a FRAX score of 20% or more in the bazedoxifene trial. À Meta-regression based on AD of bisphosphonates and all FRAX subgroups for bazedoxifene: NMA based on AD for all FRAX subgroups of the bazedoxifene trial and all AD for the published bisphosphonate trials. The model includes covariates that capture the effect of placebo response on the treatment effects (i.e., log odds ratio [OR] of nonvertebral fractures) with oral bisphosphonates and bazedoxifene relative to placebo. The relationship between baseline risk and treatment effects was estimated for each treatment separately but assumed exchangeable. The advantage of this analysis over analysis 1 is that all studies and all subgroups were used. The treatment effects for all interventions indirectly compared were centered at a placebo response for nonvertebral fractures corresponding to the subgroup with a FRAX score of 20% or more in the bazedoxifene trial. À Meta-regression based on AD of bisphosphonates and IPD for bazedoxifene: NMA based on IPD for the bazedoxifene trial and AD for the published bisphosphonate studies. The advantage of an analysis with IPD is that the relationship between baseline risk and treatment effect with bazedoxifene can be estimated without relying on a linear association while still using all data. Although a model with a linear relationship between baseline risk and treatment effect was tested (results not presented), a model with a quadratic relationship provided a better fit to the IPD and was used for this analysis.
The covariate in the model captures the effect of a 10-year baseline fracture risk on the treatment effects (i.e., log OR of
nonvertebral fractures) with oral bisphosphonates and bazedoxifene relative to placebo. The FRAX score reflects the 10-year fracture risk available for individuals in the bazedoxifene trial. For the bisphosphonate trials, the placebo response over the follow-up of the trial (e.g., 1-4 years) was transformed to a 10-year (nonvertebral fracture) risk as well. The treatment effects for all interventions indirectly compared were centered at a 10-year fracture risk of 20% or more. The models are presented in Supplemental Materials found at http://dx.doi. org/10.1016/j.jval.2014.01.008.
For each analysis, fixed-and random-effects models were compared regarding the goodness of fit to the data, using the deviance information criterion. The random-effects model resulted in a lower deviance information criterion, and hence was considered appropriate for the synthesis of the available evidence.
To avoid influence of the prior distributions required for Bayesian analyses on the results, noninformative prior distributions were used. Prior distributions of the treatment effects were normal distributions with mean 0 and a variance of 10,000. A uniform distribution with a (noninformative) range of 0 to 2 was used for the prior distribution of heterogeneity needed for the random-effects analyses. WinBugs statistical software was used for the analyses [16] .
The results of the NMA are the treatment effects of each treatment versus placebo presented as an OR of a nonvertebral fracture. From the ORs, the risk of a nonvertebral fracture for each treatment can be calculated using the average modeled placebo risk of a fracture for the population of interest and transformed to other effect measures such as the relative risk reduction (RRR) [1-relative risk], which may be a more intuitive measure of effectiveness. Summary statistics are presented for treatment effects, that is, OR and RRR, and expected result (probability of nonvertebral fracture) with corresponding 95% credible intervals (95% CrI) reflecting the range of true underlying effects with 95% probability. The probability that a certain treatment provides greatest RRR out of all those compared was calculated (i.e., probability of being best treatment), as well as the probability that each treatment is better than a certain comparator, which are based on the posterior distribution of the treatment effects.
Results
Study Identification
In Figure 1 , the results of the literature search are presented. The database search identified 1462 abstracts. After the duplicates were removed from these databases (n ¼ 488), 974 potentially relevant publications were identified. The abstract screening excluded 882 potentially relevant publications that did not meet selection criteria. The full-text review of the 92 remaining publications excluded 82 studies for reasons including outcomes (n ¼ 48), study design (15), population (10), unable to retrieve full text (4), comparison (2), non-English language (2), and intervention dose (1) . In addition, a hand search of references identified a further 2 RCTs to be included in the analyses. Overall, 12 full-text Fig. 1 -Flow diagram summarizing results of study identification and selection. pop., population; RCTs, randomized controlled trials. articles corresponding to 11 RCTs were identified in the review. Unpublished subgroup data according to the FRAX score and the IPD for the bazedoxifene trial were also provided [17] .
Evidence Base Table 1 provides a summary of the included trials, which were of similar quality. All studies were multicenter, double-blind, placebo-controlled RCTs and, in addition to the study interventions, patients were provided with at least 500 mg of a calcium supplement per day and some patients also received vitamin D. The duration of the trials ranged from 1 year to 4 years, and the patients were predominately from Europe and North America. The enrolled patients were postmenopausal women with low bone mass. Included patients were 45 years or older; the mean average age per study was 69 years and ranged from 63 to 78 years. Note that the mean age for the subgroup with a FRAX score of 20% or more in the bazedoxifene trial is higher than the mean age for the full trial population (73 years vs. 66 years). Other baseline clinical risk factors of interest such as body mass index, bone mineral density, and presence of a baseline vertebral fracture were not consistently reported across the trials.
Results of NMA
Comparison based on AD of bisphosphonates and subgroup with a FRAX score of 20% or more for bazedoxifene Nine identified bisphosphonate RCTs had a similar (i.e., not statistically significant difference at the 0.05 level) nonvertebral fracture incidence in the placebo arm as did the placebo response of the subgroup with a FRAX score of 20% or more in the bazedoxifene trial and hence were included in this analysis [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] . The results of the analysis are provided in Table 2 and suggest that bazedoxifene and risedronate are expected to be more efficacious than placebo in the higher risk population. Alendronate and ibandronate are expected to be comparable with placebo; the point estimates favor alendronate but not ibandronate over placebo in this population. Overall, bazedoxifene shows comparable reductions in nonvertebral fracture risk as do oral bisphosphonates although it has a larger reduction in risk than does ibandronate and more than 90% probability of being better than each of the oral bisphosphonates in the higher risk population. For the higher risk population, there is a 90% probability that bazedoxifene will provide the greatest nonvertebral fracture risk reduction of the five interventions compared. The expected proportion of patients experiencing a nonvertebral fracture for each intervention is presented in Figure 2 to facilitate comparisons.
Meta-regression based on AD of bisphosphonates and all FRAX subgroups for bazedoxifene
Data from each of the eight FRAX subgroups in the bazedoxifene trial were combined with all the bisphosphonate AD with covariates to capture the impact of placebo response on the treatment effects (i.e., log OR of nonvertebral fractures) with each intervention relative to placebo. The meta-regression model with placebo response as a covariate indicates that alendronate, risedronate, and bazedoxifene are more efficacious than placebo while ibandronate is comparable to placebo in the higher risk population (Table 2) . Overall, bazedoxifene is comparable to the oral bisphosphonates although the point estimates favor bazedoxifene; bazedoxifene has at least a 95% probability of being better than each of the oral bisphosphonates in this population. The relative risk and OR will be similar when the incidence of an event is low, such as with nonvertebral fractures.
Meta-regression based on AD of bisphosphonates and IPD for bazedoxifene
The results of the meta-regression adjusting for placebo response in the bisphosphonate trials and the FRAX score in the bazedoxifene trial also suggest that bazedoxifene is comparable to the oral bisphosphonates in the higher risk population. Although the point estimates favor bazedoxifene, there is considerable uncertainty associated with the estimates. Bazedoxifene has a 70% probability of being the best intervention compared.
Discussion
This study compared bazedoxifene with oral bisphosphonates for the prevention of nonvertebral fractures in postmenopausal women who are at a higher risk of fracture. To provide comparative evidence on nonvertebral fractures for bazedoxifene versus bisphosphonates for this population, an NMA was performed. When considering only those bisphosphonate trials that reported a placebo nonvertebral fracture response similar to the placebo response of the subgroup with a FRAX score of 20% or more from the bazedoxifene trial, bazedoxifene has at least comparable RRR of non-vertebral fractures as the oral bisphosphonates. This finding was confirmed by analyses in which treatment effects with bisphosphonates were projected to a population with a FRAX score of 20% or more with a meta-regression approach based on all data from all trials in the NMA. The currently available RCTs did not provide treatment effect estimates of bazedoxifene versus bisphosphonates for the prevention of nonvertebral fractures. Although a metaanalysis has been performed to assess the effect of several osteoporosis treatments including bisphosphonates on the risk of nonvertebral fractures, the study did not include bazedoxifene [17] . Furthermore, the meta-analysis did not provide comparative estimates for the subgroup of women at a higher risk of fracture.
Randomization of patients holds only within an RCT but not across RCTs, and consequently there may be systematic differences in study and/or patient characteristics across the RCTs that are modifiers of the treatment effects, which may bias the results. In all the analyses presented here, the similarity across comparisons was based on the placebo risk of nonvertebral fractures, which reflects the prognostic effect of all study and patient characteristics on the occurrence of nonvertebral fractures. By doing so, all variables that are both prognostic factors and treatment effect modifiers are implicitly captured. The only variables that we did not adjust for by using the placebo risk are variables that are treatment effect modifiers but not prognostic factors of the nonvertebral fracture risk. We consider this, however, to be a minor source of possible bias in the indirect comparison.
The first analysis in this study incorporated the evidence from bisphosphonate trials with a placebo response similar to that of the subgroup with a FRAX score of 20% or more in the bazedoxifene trial. To evaluate the sensitivity of the findings, a second analysis was conducted in which a linear relationship between baseline risk and treatment effects was estimated on the basis of data from all identified trials and all subgroups from the bazedoxifene trial. In a third analysis, IPD was used to model the relationship between baseline severity (as measured with the FRAX score) and treatment effects with bazedoxifene. Given that subjects with a FRAX score of 20% or more account for approximately 13% of the trial population, the effect of this population on the slope of the linear regression across the range of FRAX scores in an IPD analysis was not as great as with the subgroup data and as such, the treatment effect predicted for the population with a FRAX score of 20% or more underestimated the observed treatment effect (results not presented). Given the power of the IPD, however, a nonlinear relationship was modeled with an additional parameter that provided a better fit to the data. These results are presented in analysis 3 of this study and are similar to the results from the first two analyses. The findings from this study are relevant to the management of patient care for those patients with a higher risk of nonvertebral fractures. By incorporating all relevant RCT evidence identified from a systematic literature review, this study allows for the comparison of all active interventions despite the lack of head-to-head RCT evidence. Furthermore, the methods used allow for treatment comparisons pertaining to specific populations of interest that currently have not been studied in RCTs (e. g., subgroup with a FRAX score of Z20%). Although results pertaining to the overall population have important implications, clinicians are also faced with individual patients with differing baseline risks and hence results for subgroups may also aid decisions.
Furthermore, the methods used in this study allow for the probabilistic interpretation of results (e.g., the probability of an intervention being better than another and the probability of being the best intervention). With five interventions being compared, there is a 20% chance of any one intervention being the best in the absence of evidence. The results from the analysis, however, suggest that there is at least a 70% chance of bazedoxifene being the best intervention for the population with a FRAX score of 20% or more. In other words, there is a 70% probability that bazedoxifene provides the greatest reduction in the risk of a nonvertebral fracture for a postmenopausal woman with osteoporosis and a FRAX score of 20% or more.
Several limitations of our study should be mentioned. First, the analyses are based on aggregated published data for the oral bisphosphonates because access to IPD was not available; subgroup data based on FRAX and IPD were available only for the bazedoxifene trial. Consequently, a nonlinear relationship between baseline risk and treatment effects could be modeled only for bazedoxifene while a linear relationship was assumed for the bisphosphonates given the limited data. Second, the current study is limited to nonvertebral fractures. Vertebral fractures are also associated with high morbidity and health care costs, and additional analysis on vertebral fractures should be warranted in the future to have a complete model of all osteoporotic fractures. Furthermore, analyses of adverse events should be considered given concerns over the safety of treatments for osteoporosis. In addition, non-English studies were excluded and the potential for language bias should be considered. Finally, only published studies were included from the literature review and no attempt was made to contact investigators regarding the presence of negative results. Hence, there is potential for publication bias.
In conclusion, based on the currently available RCT evidence, bazedoxifene showed at least a comparable risk reduction in nonvertebral fractures as did alendronate, ibandronate, and risedronate in postmenopausal women with osteoporosis with an elevated FRAX score. Our study suggests that bazedoxifene is likely to be at least as effective as oral bisphosphonates for the prevention of nonvertebral fractures in postmenopausal women with osteoporosis who are at a higher risk of fracture [18] .
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